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COMMON MODE FILTER FOR IMPROVING
MAGNETIC PERMEABILITY AND HIGH
FREQUENCY CHARACTERISTICS

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims the benefit of priority to Korean

Patent Application No. 10-2015-0054038, filed on Apr. 16,
2015 with the Korean Intellectual Property Oflice, the
entirety ol which 1s incorporated herein by reference.

TECHNICAL FIELD

The present disclosure relates to a common mode filter.

BACKGROUND

As the speeds and the multifunctionalization of electronic
devices have increased, interfaces for high speed data trans-
missions have increased 1n use, while the operating frequen-
cies of elements have also gradually increased. In general,
many elements used in high frequency operations are oper-
ated 1n both a differential mode and a common mode. The
above-mentioned elements may usually be found 1n a high
speed interface such as a digital visual interface (DVI), a
high-definition multimedia interface (HDMI), a low voltage
differential signaling (LVDS) iterface, and a display port
(DP) mnterface, including a universal serial bus (USB) inter-
face.

The above-mentioned elements create diflerential mode
noise 1n a differential mode 1n which directions of an input
signal are opposite to each other and common mode noise 1n
a common mode in which the directions of the mput signal
are the same as each other, as two types of conductive noise
between a ground and a cable of an operating element during,
operations. Here, a common mode filter (CMF) element, a
filter for removing common mode noise, may be an element
allowing a differential mode signal to be transferred and a
common mode signal to be blocked. A general common
mode {filter element may block the common mode noise
using 1mpedance (alternating current resistance). Here,
impedance may be associated with the magnetic permeabil-
ity of a magnetic maternial, and, 1 order to develop a
common mode filter element operated at a high frequency,
a high frequency material may be required.

The common mode filter may be configured to 1include a
magnetic layer, a non-magnetic insulating layer, a coil
conductor disposed in the non-magnetic mnsulating layer, a
lead terminal wire, and an external electrode connected to
the lead terminal wire.

SUMMARY

An aspect of the present disclosure provides a common
mode filter having high magnetic permeability and low loss
characteristics even at a high frequency, such as a frequency
within the GHz band, by improving high frequency charac-
teristics using ferrite particles having a uniform size and
planar magnetic anisotropy such as hexaferrite particles.

According to an aspect of the present disclosure, a com-
mon mode filter includes a magnetic substrate 1 which
ferrite particles having anisotropy and a planar structure
have planar magnetic anistropy.

The {ferrite particles may include hexaferrite particles
having a plate shape, and the magnetic characteristics of the
ferrite particles may be determined depending on an
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2

arrangement ol the hexaferrite particles having the plate
shape 1n the magnetic substrate.

At least one of magnetic permeability and a resonance
frequency may be adjusted by adjusting at least one of a size,
a length, and the planar structure of the ferrite particles.

The planar magnetic anisotropy of the ferrite particles
may be oriented 1n at least one of a vertical direction and a
horizontal direction of the magnetic substrate.

According to another aspect of the present disclosure, a
common mode filter includes a magnetic substrate 1n which
a permanent magnet having anisotropy and a planar struc-
ture has planar magnetic anisotropy.

According to another aspect of the present disclosure, a
common mode filter may include: a coil part including an
insulating layer and a conductor pattern formed in the
insulating layer; and a magnetic substrate coupled to one
surface or both surfaces of the coil part, wherein the mag-
netic substrate 1s provided with ferrite particles having
anisotropy and a planar structure.

The magnetic substrate coupled to the top of the coil part
to configure an upper plate may include ferrite particles
disposed horizontally in an upper portion of the upper
portion of the magnetic substrate, and may further include
territe particles disposed vertically in a lower portion of the
upper portion of the magnetic substrate.

The magnetic substrate coupled to the bottom of the coil
part to configure a lower plate may include ferrite particles
inserted in a vertical direction of the magnetic substrate 1n an

upper side thereol, and may further include ferrite particles
inserted nto a lower end of the ferrite particles inserted 1n

the vertical direction in a horizontal direction of the mag-
netic substrate.

BRIEF DESCRIPTION OF DRAWINGS

The above and other aspects, features and other advan-
tages of the present disclosure will be more clearly under-
stood from the following detailed description taken i con-
junction with the accompanying drawings.

FIG. 1 1s a graph 1llustrating magnetic permeability char-
acteristics of hexaferrite particles having a plate shape.

FIGS. 2A, 2B, 2C and 2D are views 1llustrating examples
ol hexaferrite particles having the plate shape.

FIG. 3 1s a cross-sectional view illustrating a common
mode filter according to an exemplary embodiment in the
present disclosure.

FIG. 4 1s an exploded perspective view 1llustrating the
common mode filter according to an exemplary embodiment
in the present disclosure.

FIGS. 5A and 5B are views illustrating amplification and
cancellation of a magnetic field in a common mode and a
differential mode, respectively.

FIG. 6 1s a graph illustrating an evaluation result of
common mode characteristics of an element when hexafer-
rite particles are used, according to an exemplary embodi-
ment 1n the present disclosure.

FIG. 7 1s a view 1llustrating a photograph of a cross
section of the common mode filter according to an exem-
plary embodiment 1n the present disclosure.

FIG. 8 1s a view 1illustrating a photograph of atop surface
of the common mode filter according to an exemplary
embodiment 1n the present disclosure.

DETAILED DESCRIPTION

Heremaiter, embodiments of the present inventive con-
cept will be described as follows with reference to the

attached drawings.
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The present inventive concept may, however, be exem-
plified 1n many different forms and should not be construed
as being limited to the specific embodiments set forth herein.
Rather, these embodiments are provided so that this disclo-
sure will be thorough and complete, and will fully convey
the scope of the disclosure to those skilled 1n the art.

Throughout the specification, it will be understood that
when an element, such as a layer, region or waler (substrate),
1s referred to as being “on,” “connected to,” or “coupled to”
another element, 1t can be directly “on,” “connected to,” or
“coupled to” the other element or other elements intervening
therebetween may be present. In contrast, when an element
1s referred to as being “directly on,” “directly connected to,”
or “directly coupled to” another element, there may be no
other elements or layers intervening therebetween. Like
numerals refer to like elements throughout. As used herein,
the term “and/or” includes any and all combinations of one
or more of the associated listed items.

It will be apparent that though the terms first, second,
third, etc. may be used herein to describe various members,
components, regions, layers and/or sections, these members,
components, regions, layers and/or sections should not be
limited by these terms. These terms are only used to distin-
guish one member, component, region, layer or section from
another region, layer or section. Thus, a first member,
component, region, layer or section discussed below could
be termed a second member, component, region, layer or
section without departing from the teachings of the exem-
plary embodiments.

Spatially relative terms, such as “above,” “upper,”
“below,” and “lower” and the like, may be used herein for
case of description to describe one element’s relationship
relative to another element(s) as shown 1n the figures. It will
be understood that the spatially relative terms are intended
to encompass diflerent orientations of the device 1n use or
operation in addition to the onentation depicted in the
figures. For example, 11 the device in the figures 1s turned
over, elements described as “above,” or “upper” relative to
other elements would then be oriented “below,” or “lower”
relative to the other elements or features. Thus, the term
“above” can encompass both the above and below orienta-
tions depending on a particular direction of the figures. The
device may be otherwise oriented (rotated 90 degrees or at
other orientations) and the spatially relative descriptors used
herein may be mterpreted accordingly.

The terminology used herein 1s for describing particular
embodiments only and is not intended to be limiting of the
present inventive concept. As used herein, the singular forms
“a,” “an,” and “the” are intended to include the plural forms
as well, unless the context clearly indicates otherwise. It will
be further understood that the terms “comprises,” and/or
“comprising” when used in this specification, specify the
presence of stated features, integers, steps, operations, mem-
bers, elements, and/or groups thereol, but do not preclude
the presence or addition of one or more other features,
integers, steps, operations, members, elements, and/or
groups thereol.

Hereinafter, embodiments of the present mventive con-
cept will be described with reference to schematic views
illustrating embodiments of the present inventive concept. In
the drawings, for example, due to manufacturing techniques
and/or tolerances, modifications of the shape shown may be
estimated. Thus, embodiments of the present inventive con-
cept should not be construed as being limited to the par-
ticular shapes of regions shown herein, for example, to
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4

include a change in shape results 1n manufacturing. The
following embodiments may also be constituted by one or a
combination thereof.

The contents of the present inventive concept described
below may have a variety of configurations and propose
only a required configuration herein, but are not limited
thereto.

The following exemplary embodiments relate to a com-

[

mon mode filter capable of performing a noise filtering effect
very well, even at high frequencies, by improving high
frequency characteristics, and a magnetic substrate included
in the common mode filter.

As an example, the common mode filter may include a
magnetic substrate 1n which ferrite particles having anisot-
ropy, disposed to have a planar structure, or a magnetic
substrate 1n which hexaferrite particles having a plate shape
are disposed to have the planar magnetic amisotropy. Here,
the ferrite particles (or a permanent magnet) may have
amisotropy depending on an arrangement of the ferrite
particles (or the permanent magnet), and at least one of
magnetic permeability and resonance frequency may be
adjusted by adjusting at least one of a size, a length, and an
orientation of the ferrite particles (or the permanent magnet).

For example, the planar magnetic anisotropy possessed by
the ferrite particles (or the permanent magnet) may include
at least one of being oriented in a vertical direction and a
horizontal direction of the magnetic substrate.

FIG. 1 1s a graph 1llustrating magnetic permeability char-
acteristics of hexaferrite particles having a plate shape.

In a graph 100, an x axis may show a frequency and a y
axis may show magnetic permeability, wherein the graph
100 may show that the hexaferrite particles have relatively
higher magnetic permeability and lower loss 1n a high
frequency band such as a frequency band of GHz as com-
pared to the spinel-ferrite.

FIGS. 2A to 2D are views 1llustrating an example of the
hexaterrite particles having the plate shape.

In FIGS. 2A and 2B, two electron microscope photo-
graphs 210 and 220 illustrate examples of Fe,O, having
particles which are aggregate forms but are not uniform. In
FIGS. 2C and 2D, two electron microscope photographs 230
and 240 illustrate examples of FeOOH having particles
which are aggregate forms and are uniform.

Since the above-mentioned hexaferrite particles have low
loss characteristics and high magnetic permeability at high
frequency (e.g., the band of GHz), when the hexaferrite
particles are used, a common mode filter having better
attenuation characteristics at the high frequency in the
common mode while having low loss characteristics may be
provided.

FIG. 3 1s a cross-sectional view illustrating a common
mode filter according to an exemplary embodiment in the
present disclosure, and FIG. 4 1s an exploded perspective
view 1llustrating the common mode filter according to an
exemplary embodiment in the present disclosure.

A common mode filter 300 1llustrated in FIGS. 3 and 4
illustrates an example 1n which two magnetic substrates 1n
which ferrite particles having anisotropy, disposed to have a
planar structure, configure an upper plate 310 and a lower
plate 320, respectively. The upper plate 310 and the lower
plate 320 may be coupled to an 1nsulator, and an upper side
surface and a lower side surface of a coil part including a
conductor pattern (a primary coil 330 and a secondary coil
340) formed in the insulator.

Here, both ends of the primary coil 330 may be connected
to two 1nput terminals (A) 1n and (C) 1n, respectively, and
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both ends of the secondary coil 340 may be connected to two
output terminals (B) out and (D) out, respectively.

In addition, as described above, the ferrite particles
inserted into the magnetic substrate may include the hexa-
territe particles having the plate shape, byway of example.
In this case, planar magnetic anisotropy of the ferrite par-
ticles may be formed depending on the arrangement of the
hexaterrite particles having the plate shape.

For example, the exemplary embodiment of FIG. 3 illus-
trates an example 1n which ferrite particles (e.g., hexaferrite
particles 350) having planar magnetic anisotropy and ori-
ented 1n a horizontal direction with the magnetic substrate
and ferrite particles (e.g., hexaterrite particles 360) having
planar magnetic anisotropy and oriented 1n a vertical direc-
tion with the magnetic substrate are 1nserted into the mag-
netic substrates. The above-mentioned hexaferrite particles
350 and 360 may have a size of 30 um or less, by way of
example.

The ferrite particles inserted into the magnetic substrate
may forma magnetic field around the conductor pattern, as
current flows 1n the conductor pattern (the primary coil 330
and the secondary coil 340). The magnetic field generated
from the conductor pattern formed 1n a plurality of layers
may be overlapped (or canceled in a differential mode) to
form the magnetic field. Magnetic flux of the formed mag-
netic field may flow along the upper plate 310 and the lower
plate 320.

The planar magnetic anisotropy of the ferrite particles
included 1n the magnetic substrates of the upper plate 310
and the lower plate 320 may serve as a passage by which the
magnetic flux may better flow, thereby significantly reduc-
ing radiation of the magnetic field to the outside. As a result,
loss 1n a common mode may be reduced, and consequently,
attenuation characteristics of a common mode {ilter 300 at
the high frequency may be improved.

The exemplary embodiment of FIG. 3 illustrates an
example 1n which the ferrite particles are inserted into the
top ol a magnetic sheet configuring the upper plate 310 so
as to have planar magnetic amsotropy oriented 1 a hori-
zontal direction of the magnetic sheet, and the ferrite par-
ticles are inserted into a lower end thereof so as to have
planar magnetic anisotropy oriented 1n a vertical direction of
the magnetic sheet, as an arrangement of the ferrite particles
for forming the passage of the above-mentioned magnetic
ficld. In addition, the exemplary embodiment of FIG. 3
illustrates an example 1 which the ferrite particles are
inserted into the upper end of the magnetic sheet configuring
the lower plate 320 so as to have planar magnetic anisotropy
oriented 1n the vertical direction of the magnetic sheet, and
the ferrite particles are iserted into the lower end thereot so
as to have planar magnetic anisotropy oriented 1n the hori-
zontal direction of the magnetic sheet.

The exemplary embodiment of FIG. 3 1s merely an
example, and since at least one of magnetic permeability and
a resonance frequency may be variously adjusted by adjust-
ing sizes, lengths, and ornentation of the ferrite particles, 1t
may be understood that there may be various exemplary
embodiments according to the sizes, the lengths, and the
orientations of the ferrite particles.

FIG. SA 1s a view 1illustrating amplification of a magnetic
field n a common mode. FIG. 5B i1s a view illustrating
cancellation of a magnetic field in a differential mode.

As shown 1n FIG. 5A, 1n a common mode 310 operated
when current directions of the two input terminals (A) 1n and
(C) 1n are the same as each other, the magnetic field between
an upper coil and a lower coill may be amplified and
impedance L may be generated.
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As described above, the common mode filter may be an
clement using impedance (alternating current resistance)
passing a signal of a diflerential mode and blocking a signal
of a common mode. The common mode filter may substan-
tially block noise using impedance L. Here, the impedance
L. may be associated with magnetic permeability of the
magnetic material. In other words, as magnetic permeability
ol the magnetic substrate 1s high, the coil may consume the
amplified magnetic field, thereby improving attenuation
characteristics of the common mode filter.

As shown 1n FIG. 5B, 1n a differential mode 520 operated
when the current directions of the two mput terminals (A) 1n
and (C) 1n are opposite to each other, since the impedance L
does not exist due to cancellation of the magnetic field
between the upper coil and the lower coil, substantial loss
hardly occurs in the coils.

Since loss of the magnetic material included in the
magnetic substrate mnfluences the common mode filter, how-
ever, attenuation efliciency may be decreased. For example,
in the case of the spinel-ferrite, since magnetic permeability
1s sharply reduced and loss 1s large in the high frequency
band such as a frequency band of GHz, a cancellation effect
in the differential mode 520 may be reduced, and loss of the
current may exist. On the other hand, since the hexaferrite
particles have low loss characteristics and high magnetic

permeability 1n the high frequency band (e.g., the frequency
band of GHz) as described above, an influence of the
magnetic material on the cancellation effect may be reduced
even 1n the differential mode 520.

In other words, just using the ferrite particles (e.g., the
hexaterrite particles having the plate shape, or the permanent
magnet) having planar magnetic anisotropy as the magnetic
material may have better attenuation characteristics in the
common mode 510 and the differential mode 520 due to high
magnetic permeability and low loss. Magnetic permeability
and the resonance frequency may be adjusted by adjusting
the size, the length, anisotropy, and the like of the ferrite
particles (or the permanent magnet), thereby adjusting
attenuation characteristics in the common mode 510.

FIG. 6 1s a graph illustrating an evaluation result of
common mode characteristics of an element when hexafer-
rite particles are used, according to an exemplary embodi-
ment 1n the present disclosure. An x axis of a graph 600
denotes a frequency, and a y axis denotes attenuation char-
acteristics. Referring to the following Table 1 together with
the graph 600, 1n a case 1n which the hexaferrite particles are
used as the magnetic matenial, 1t may be understood that
there 1s a common mode attenuation eflect of about 3 dB as
compared to a case in which a magnetic material according
to the related art 1s used.

TABLE 1
Conventionally Used Hexaferrite
Material particles

100 MHz 1 GHz 100 MHz 1 GHz
W 12 2.77 2.09 2.09
Tan o 0.5 1.93 0.04 0.04
Common Mode 87.5 € 52.9 Q
Impedance
Common Mode -25.6 dB@0.62 GHz -28.4 dB@0.78 GHz

Attenuation)

FIG. 7 1s a view 1illustrating a photograph of a cross
section of a common mode filter according to an exemplary
embodiment 1n the present disclosure. FIG. 8 1s a view
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illustrating a photograph of a top surface of the common
mode filter according to an exemplary embodiment in the
present disclosure.

A common mode filter 700 may include an insulating
layer 710. Here, a first coil 720 and a second coil 730 may
be formed in the insulating layer 710. A first magnetic
substrate 740 and a second magnetic substrate 750 may be
coupled to the upper and lower surfaces, respectively, of the
insulating layer 710.

As described above, the ferrite particles having anisotropy
may be 1nserted into the first magnetic substrate 740 and the
second magnetic substrate 750 to have the planar structure.
As an example, the ferrite particles may be formed of the
hexaferrite particles having the plate shape, and the mag-
netic characteristics of the ferrite particles may be deter-
mined depending on the arrangement of the hexaferrite
particles having the plate shape.

Two mput terminals 820 and 840 and two output terminals
810 and 830 are disposed on the top of the first magnetic
substrate 740 and are electrically connected to the first coil
720 and the second coil 730, such that the current may tlow
in the first coil 720 and the second coil 730 through four
terminals 810 to 840. For example, the two input terminals
820 and 840 may be electrically connected to both ends of
the first coil 720, and the two output terminals 810 and 830
may be electrically connected to both ends of the second coil
730.

In the common mode, a magnetic field generated as the
current flows 1n the first coil 720 and the second coil 730
may be amplified, and the amplified magnetic field may flow
depending on directivity of the ferrite particles included 1n
the first magnetic substrate 740 and the second magnetic
substrate 750, thereby significantly reducing radiation of the
magnetic field to the outside. Since the hexaferrite particles
have high magnetic permeability even 1n the high frequency
band, when the hexaferrite particles are utilized as the ferrite
particles, attenuation characteristics of the common mode
filter 300 even at the high frequency may be improved.

As set forth above, according to the exemplary embodi-
ments 1n the present disclosure, the common mode filter
having improved attenuation characteristics in the common
mode may be provided by high magnetic permeability and
low loss characteristics even at the high frequency such as
a Irequency within the GHz band by improving high fre-
quency characteristics using the ferrite particles having a
uniform size and anisotropy with a planar structure such as
hexaterrite particles.

While exemplary embodiments have been shown and
described above, 1t will be apparent to those skilled in the art
that modifications and variations could be made without
departing from the scope of the present invention as defined
by the appended claims.

What 1s claimed 1s:

1. A common mode filter comprising: a magnetic sub-
strate 1n which ferrite particles having anisotropy and a
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planar structure have planar magnetic anisotropy, wherein a
first portion of the magnetic substrate 1s coupled to an upper
surface of a coil part, the ferrite particles being disposed
horizontally 1n an upper portion of the first portion of the
magnetic substrate and vertically 1n a lower portion of the
first portion of the magnetic substrate.

2. The common mode filter of claim 1, wherein the ferrite
particles include hexaferrite particles having a plate shape,
and

the planar magnetic anisotropy 1s formed depending on an

arrangement of the hexaferrite particles having the
plate shape.

3. The common mode filter of claim 2, wherein the
hexaterrite particles have a size of 50 um or less.

4. The common mode filter of claim 1, wherein the planar
magnetic anisotropy possessed by the ferrite particles 1s
disposed 1n at least one of a vertical direction and a hori-
zontal direction of the magnetic substrate.

5. A common mode filter comprising:

a coil part including an insulating layer and a conductor

pattern formed 1n the insulating layer; and

a magnetic substrate coupled to one or both surfaces of the

coil part,
wherein the magnetic substrate 1s provided with ferrite
particles having anisotropy and a planar structure,

wherein a first portion of the magnetic substrate 1is
coupled to an upper surface of the coil part, the ferrite
particles being disposed horizontally 1n an upper por-
tion of the first portion and vertically 1n a lower portion
of the first portion.

6. The common mode filter of claim 5, wherein the ferrite
particles have planar magnetic anisotropy.

7. The common mode filter of claim 5, wherein a second
portion of the magnetic substrate 1s coupled to a lower
surface of the coil part, and the ferrite particles being
disposed horizontally 1 a lower portion of the second
portion.

8. The common mode filter of claim 7, further including
territe particles disposed vertically 1n an upper portion of the
second portion.

9. A common mode filter comprising: a magnetic sub-
strate 1n which a permanent magnet having anisotropy and
a planar structure has planar magnetic anisotropy, wherein a
first portion of the magnetic substrate 1s coupled to an upper
surface of a coil part, the ferrite particles being disposed
horizontally 1n an upper portion of the first portion of the
magnetic substrate and vertically 1n a lower portion of the
first portion of the magnetic substrate.

10. The common mode filter of claim 9, wherein the
planar magnetic anisotropy possessed by the permanent
magnet 1s disposed 1n at least one of a vertical direction and
a horizontal direction of the magnetic substrate.
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